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(57) ABSTRACT

The mvention relates to an apparatus for the separation of
particles contained in exhaust gases of internal combustion
engines 1n which the exhaust gas flow 1s guided through a
filter medium 1n which particles can be absorbed and held
back. The imnvention should improve the separation 1n a cost
cifective manner with respect to conventional particle filters.
In accordance with the mvention, the filter medium (1) 1s

made from a metal open-pore foam having at least two layers
(1.1, 1.2, 1.3) which each have a thickness, porosity and/or
pore size 1n the flowthrough direction through the filter
medium which differ from one another. In one embodiment,
the particle filter includes first and second filter medium lay-
ers where the first filter medium has a mean pore size larger
than a mean pore size of the second filter medium, and the first
filter medium has a thickness that increases in a direction of
the exhaust gas tlow inlet passage of the filter housing.
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1

APPARATUS FOR THE SEPARATION OF
PARTICLES CONTAINED IN EXHAUST
GASES OF INTERNAL COMBUSTION
ENGINES

PRIORITY

This application claims priority to German Patent Appli-
cation Number Application Number 10 2006 009 164.7, filed
20 Feb. 2006, and PCT/EP2007/001327 filed 15 Feb. 2007,
the entire disclosure of each of which 1s incorporated herein
by reference.

FIELD OF THE INVENTION

The invention relates to an apparatus for the separation of
particles contained in exhaust gases of internal combustion

engines, said apparatus also usually being called a diesel
particulate filter.

BACKGROUND OF THE INVENTION

For these applications, predominantly those apparatus
have previously been used 1n which the separation 1s carried
out using ceramic members, preferably made of silicon car-
bide. These ceramic materials are admittedly well suited for a
high-temperature use, but have some substantial disadvan-
tages due to the material. This relates, on the one hand, to the
large inherent mass to be recorded as a result of the relatively
high density which 1n particular has a fuel consumption

increasing effect on mobile use 1n vehicles. Ceramic materi-
als are moreover brittle and prone to destruction or damage 1n
cases of oscillating alternating load.

A Turther disadvantage results due to a thermal expansion
which differs substantially from metals usually used for the
housings and which can only be compensated with increased
elfort and/or expenditure.

Further known solutions use fiber structures. The latter
require properties which increase the manufacturing costs.
For instance, 1n addition to temperature resistance, fiber
structures must also achieve a suflicient long-term separation
capability. Such fiber structures, however, also do not have
any suificiently high strength without additional measures.

A further possibility known per se 1s the use of particles
which are used 1n bulk or 1n a local composite of the indi-
vidual particles. The imnherent strength 1s also not suificiently
present here.

OBJECT OF THE INVENTION

It 1s therefore the object of the mvention to improve the
separation of particles contained in exhaust gases of internal
combustion engines 1n a cost-eifective manner.

SUMMARY OF THE INVENTION

In the apparatus 1n accordance with the invention, exhaust
gas ol an internal combustion engine containing particles 1s
guided through a filter medium. The filter medium 1s made of
an open-pore metal foam and 1s made, 1n this connection of at
least two layers of such a foam. The thickness, the porosity
and/or the mean pore size of the individual layers differ. For
instance, the layer first flowed through by exhaust gas con-
taining particles will have a larger thickness, a larger porosity
and/or a larger mean pore size than the layer(s) subsequently
flowed through by exhaust gas. If more than two layers form
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2

a filter medium, the respective layer thickness, the porosity
and/or the mean pore size reduce 1n size successively 1n the
direction of flow.

The exhaust gas containing particles can be introduced 1nto
the apparatus via at least one 1nlet passage and be discharged
via at least one outlet passage after flowing through a filter
medium.

The open-pore foam forming the layers for the filter
medium can preferably be made using nickel, iron or a nickel
alloy or 1ron alloy, with 1n particular chromium, and option-
ally further alloys containing alloy elements comprising
advantageous properties. Such nickel alloys should prefer-
ably be used.

As Tar as possible, three layers, but a maximum of ten
layers, of such an open-pore metal foam should form a filter
medium for a good separation capability. The layers should,
as far as possible, be 1n touching contact with one another and
hollow spaces between the individual layers should be
avolded as far as possible. For this purpose, the layers forming
the filter medium can be connected to one another at the outer
edge which can anyway not be used for the separation. The
connection can be limited to diametrically opposed end faces.

The layers forming the filter medium should have a total
thickness of at least 1.5 mm.

In this connection, the layer first flowed through by exhaust
gas containing particles should have at least a mean pore size
of 200 um.

It should make up at least 40% of the total layer thickness
of the filter medium formed from the layers.

A second layer flowed through after this should have a
mean pore size which 1s at least 100 um smaller than the layer
first flowed through.

A third layer, flowed through by exhaust gas last, should
have a mean pore size which 1s 1n turn at least 100 um smaller
than that the layer arranged before it has.

The filter medium formed from the layers can be config-
ured 1n plate shape with a planar surface.

It can, however, also be configured in tubular form and
form a hollow cylinder. An example embodiment of this
tubular configuration 1s illustrated in FIGS. 8(a) through 8(d).
In this case, the interior can form an inlet passage or also an
outlet passage. More than one outlet passage or inlet passage
can also be formed radially outwardly or also inwardly by
corresponding partition walls. With such an embodiment, no
rotational symmetry has to be observed. Different cross-sec-
tional geometries such as square or rectangular shapes can
also be selected and thus a matching to desired installation
conditions, for example 1n a motor vehicle, can be taken into
account.

A filter medium formed from a plurality of layers can also
be wound around a longitudinal axis 1n a spiral shape.

The filter medium and the 1nlet and outlet passages can be
made 1 U shape and 1n this connection exhaust gas can also
flow along 1n U shape through an apparatus made 1n this
manner, with exhaust gas also flowing successively through
the filter medium from an inlet passage 1nto an outlet passage
while flowing through.

The inflow direction of exhaust gas containing particles
into an inlet passage can be aligned parallel to the surface of
a layer first flowed through by exhaust gas. The oppositely
disposed front side end of such an inlet passage can then be
closed so that the whole exhaust gas volume has to flow
through the filter medium and can be discharged to ambient
free of particles via an outlet passage after this flowing
through. In this connection, the whole length of the filter
medium along an inlet passage with the corresponding sur-
face of the filter medium flowed through by exhaust gas
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containing particles 1s available for the separation. In this
context, free of particles should be understood such that at
least preset statutory provisions are observed.

It can be advantageous to reduce the free cross-section of
an inlet passage in the direction with which exhaust gas
containing particles flows into the 1nlet passage. On the tlow-
ing of the exhaust gas containing particles through the inlet
passage, 1ts flow speed thereby increases as the free cross-
section reduces, which results in an improved separation of
particles. The reduction 1n the free cross-section of an inlet
passage 1n the direction of flow can be made continuous in
this connection. The tlow speed of the exhaust gas containing,
particles 1n the inlet passage can thus be approximately
doubled starting from the entry 1nto the inlet passage up to and
into the proximity of the oppositely disposed front face end of
the 1nlet passage.

This can be achieved by a corresponding configuration of a
housing with which the one or more let passage(s) can also
be formed. However, a corresponding partition wall can also
be interposed which brings about this etfect.

A further possibility consists of enlarging the total layer
thickness of a filter medium 1n the inflow direction of the
exhaust gas containing particles so that the free cross-section
can thereby be reduced and the flow speed can be increased.
An example embodiment of this configuration 1s illustrated in
FIG. 9. In this connection, only the layer first flowed through
by the exhaust gas containing particles can become thicker in
this direction.

The filter medium can, however, also be configured such
that at least one of the layers has a porosity and/or mean pore
s1ze varying 1n graduated form. This should take place such
that it reduces from the front to the rear in the inflow direction.

Such an embodiment can be combined with a previously
explained one 1n which one or more inlet passages with a
reduced cross-section are present.

In addition, the surface of the open-pore metal foam can be
provided with a coating at least regionally. For instance, only
the surface facing outwardly in the direction of the inlet
passage of the layer first flowed through by the exhaust gas
containing particles can, for example, be coated.

With a coating, an enlarging of the specific surface of the
layer(s) and/or a catalytic effect can be achieved, which can
result in an 1ncrease of the separation capability for particles
or in an improvement ol the quality of the exhaust gas dis-
charged to ambient.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention should be explained 1n more detail with
reference to examples 1n the following.

There are shown:

In FIG. 1, a perspective schematic representation of an
example of an apparatus in accordance with the invention
having a plurality of inlet and outlet passages aligned parallel
to one another as well as filter media;

In FIG. 2, an enlarged section of an apparatus 1n accor-
dance with example 1;

FIG. 3, an example having two inlet and outlet passages as
well as filter media 1n each case;

In FIG. 4, an example having two separate inlet passages
via which exhaust gas containing particles flows 1 and
through two filter media and i1s discharged via a common
outlet passage;

In FIG. 5, an example having a support structure;
In FIG. 6, 1n schematic form, an example having an inlet
passage whose Iree cross-section 1s reduced; and
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4

In FIG. 7, n schematic form, an embodiment having a
graduated porosity or a mean pore size at a filter medium.
In addition, FIG. 8(a) schematically 1llustrates an example

embodiment wherein the filter apparatus has a tubular form.
FIGS. 8(b), 8(c) and 8(d) are cross-sectional views of the

apparatus illustrated in FIG. 8(a) taken at sections 8(b), 8(c)
and 8(d), respectively. As described below, the filter medium
1 optionally includes layers 1.1, 1.2 and 1.3.

Finally, FIG. 9 schematically illustrates an example
embodiment wherein the total layer thickness of the filter
medium 1 1s enlarged in the inflow direction, such that the free
cross-section of the inlet passage 2 1s reduced and the flow
speed of the exhaust gas can be increased. As described
below, the filter medium 1 optionally includes layers 1.1, 1.2

and 1.3.

DETAILED DESCRIPTION OF THE DRAWINGS

In FIG. 1, an example of an apparatus 1n accordance with
the invention 1s shown 1n which exhaust gas 1s mtroduced via
connection pipes and 1s also discharged to ambient again. The
cifective part with a plurality of inlet passages 2 and outlet
passages 3, which are each separated from one another by
means of a filter medium, 1s disposed therebetween. The
exhaust gas containing particles can tlow into the individual
inlet passages, then flow through the individual filter media 1
and be discharged via outlet passages 3. The inlet and outlet
passages 2 and 3 as well as the filter media 1 are aligned
parallel to one another and the whole has a square or rectan-
gular cross-section. The 1nlet passages 2 and the outlet pas-
sages 3 are closed mutually at their end faces to discharge the
exhaust gas tlow through the filter media 1 and out of the
outlet passages 3.

A structure of a filter medium, which 1s made with three
layers1.1;1.2; and 1.3, 1s1llustrated with an enlarged detail of
FIG. 1 such as 1s shownin FIG. 2. The layers 1.1;1.2;and 1.3
are made from an open-pore foam comprising a nickel alloy.

The layer 1.1. first flowed through 1n the direction of an
inlet passage 2, that 1s first flowed through by exhaust gas
containing particles, has a mean pore size of 0.8 mm.

The second layer 1.2 has a mean pore size o1 0.58 mm. The
layer 1.3 of a filter medium 1 arranged in the direction of an
outlet passage 3 has a mean pore size of 0.45 mm.

The FIG. 3 1llustrates a possibility having 1n each case two
inlet and outlet passages 2 and 3 which are 1n turn separately
divided from one another by a filter medium 1 through which
exhaust gas tlows for the separation of particles. It becomes
clear 1n this context how the tflow of the exhaust gas 1s directed
and how end-face mutually oppositely disposed ends of inlet
and outlet passages 2 and 3 are closed 1n a gas-tight manner.

FIG. 4 shows an example having two inlet passages 2 for
exhaust gas containing particles which tlows through a filter
medium 1 1n each case and then particle free exhaust gas 1s
discharged to ambient via a common outlet passage 3.

A possibility 1s shown 1n schematic form 1n FIG. 5 for an
increase in the stability or also strength by means of a support
structure 4. Such a support structure can be connected 1n a
firmly bonded manner to a filter medium 1 of a housing wall
or to the wall of an inlet or outlet passage 2 or 3. This can be
achieved using webs or metal sheets which can form a support
structure 4. In this connection, the spacing of individual com-
ponents to one another can be observed in the long term on an
apparatus in accordance with the invention. A support struc-
ture 4 should, however, be configured, arranged and dimen-
sioned such that the tlow relationships for the exhaust gas are
not disadvantageously mfluenced.
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In FIG. 6, an example 1s shown having a free cross-section
of an inlet passage 2 tapering conically in the inflow direction
of exhaust gas containing particles.

Accordingly, the flow speed of the exhaust gas containing
particles can be increased on the throughtlow of the inlet
passage 1 starting {rom the entry into the inlet passage 2 up to
and 1nto the proximity of the oppositely disposed end of the
inlet passage 2. The damming effect of the end face of the inlet
passage 2 closed 1n a gas tight manner acts shortly before the
front face end and the flow speed 1s lower again there.

The reduction 1n size of the free cross-section of an inlet
passage 2 1s indicated schematically here by an additional
partition wall 5.

FIG. 7 shows an example 1n which a filter medium 1 con-
figured 1n graduated shape has been selected 1n the direction
of the exhaust gas containing particles flowing into an inlet
passage 2. In this connection, the porosity and mean pore size
at the filter medium 1 reduce 1n size 1n this direction so that the
flow resistance for the exhaust gas tlowing through the filter
medium 1 increases in the direction of the end of the inlet
passage 2. This can result 1n a homogenmization of the flow of
the exhaust gas containing particles 1n the 1nlet passage 2.

Only one region of the filter medium 1 can also be provided
with a coating 1 such an embodiment, said coating in turn
also being able to be catalytically effective.

The mvention claimed 1s:

1. A filter apparatus comprising;

a housing;

a first filter medium positioned within the housing such that
a hollow inlet passage configured to recerve an incoming
flow of exhaust gas 1s located between the first filter
medium and the housing, the first filter medium com-
prising a {irst open-pore metal foam body and including
an inlet side that defines one side of the hollow 1nlet
passage, such that the incoming flow of exhaust gas 1n
the hollow inlet passage tlows parallel to, and 1s received
into, the inlet side of the first filter medium; and

a second filter medium positioned within the housing such
that a hollow outlet passage configured to recetve an
outgoing flow of filtered exhaust gas 1s located between
the second filter medium and the housing, wherein the
second filter medium (a) comprises a second open-pore
metal foam body, (b) abuts the first filter medium, and (c)
includes an outlet side that defines one side of the hollow
outlet passage, such that the outgoing tlow of filtered
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exhaust gas passes from the outlet side of the second
filter medium and 1nto the hollow outlet passage, where
it flows parallel to the outlet side of the second filter
medium;

wherein the first and second filter media are positioned

between the hollow 1nlet and outlet passages;

wherein the second open-pore metal foam body has a mean

pore size that 1s smaller than a mean pore size of the first
open-pore metal foam body; and

wherein the first filter medium has a thickness that

increases 1n a direction of exhaust gas flow 1n the hollow
inlet passage.

2. The filter apparatus of claim 1, wherein the first and
second open-pore metal foam bodies are selected from the
group consisting of nickel, iron and nickel-iron alloys.

3. The filter apparatus of claim 1, wherein the mean pore
s1ze o1 the first open-pore metal foam body 1s at least 200 pum.

4. The filter apparatus of claim 1, wherein the first and
second filter media have a composite thickness of at least 1.5
mm.

5. The filter apparatus of claim 1, wherein the first and
second filter media have a planar shape.

6. The filter apparatus of claim 1, wherein the first and
second filter media have a hollow tubular shape.

7. The filter apparatus of claim 1, wherein the hollow inlet
passage has a cross-sectional area that decreases 1n a direction
of the mncoming flow of exhaust gas.

8. The filter apparatus of claim 1, wherein the mean pore
s1ze of the first open-pore metal foam body 1s variable, with
relatively larger pores located upstream of relatively smaller
pores.

9. The filter apparatus of claim 1, wherein at least a portion
of the 1nlet side of the first filter medium includes a catalytic
coating.

10. The filter apparatus of claim 1, wherein the mean pore
s1ze of the second open-pore metal foam body 1s at least 100
um smaller than the mean pore size of the first open-pore
metal foam body.

11. The filter apparatus of claim 1, wherein the first filter
medium has a thickness that 1s at least 40% of a combined
thickness of the first and second filter media.

12. The filter apparatus of claim 1, wherein no catalyst 1s
positioned downstream of the inlet side of the first filter
medium.
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